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Abstract – Determining the channel characteristics and how it affects transmitted signals is 
known as channel estimation. MIMO OFDM is a combination of MIMO and OFDM techniques. In 
this paper, comparative studies of MIMO, MISO and SISO channel estimation, using OFDM was 
performed. The block type and the comb type pilot arrangements were compared, and also various 
interpolation techniques were also compared to determine the optimum performance. The Bit 
Error Rate and MSE were employed as the performance metrics. This research was carried out by 
modeling and simulating the wireless communication system using MATLAB. It was discovered 
that the FFT interpolation has the best performance compared to other interpolation techniques. It 
was also shown that the MMSE outperformance the LS, but this is achieved at the cost of system 
complexity. An improvement in system performance was also observed with an increase in the 
number of antennas (i.e SISO, MISO and MIMO respectively), and also the OFDM helps combat 
interference and improves the bandwidth efficiency. Copyright © 2018 Praise Worthy Prize S.r.l. 
- All rights reserved. 
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I. Introduction 
MIMO is the acronym for systems that have multiple 
inputs and multiple outputs. The input and output pairs 
are particularly the number of antennas that a 
communications system has. This smart way of antenna 
propagation has led to significant improvements in 
communication technology. MIMO systems have helped 
to increase communication system capacity linearly [1]-
[25]. This increase is dependent on the amount of 
antenna used. MIMO systems can increase the frequency 
spectrum efficiency of the communication system 
without the need for more bandwidth and power [1]. 
There is need for the receiver to have prior knowledge 
of the communication channel for it to be able to detect 
the signal correctly. This is only possible if the receiver 
can monitor the changes that occur in the communication 
channel. This is generally known as channel estimation 
and it forms an essential part of any communications 
system [2]. There are two modes of channel estimation. 
Channel estimation can either be pilot-based or 
decision-directed [3]. For pilot based systems, the ability 
to accurately estimate the communication channel is 
based on a pre-shared symbol known as the pilot symbol. 
This is shown in Figure 1. 
In this paper, channel estimation in a wireless 
communication system was simulated using MATLAB 
[24], [25]. For the simulation to be effective, a system 
with a transmitter, receiver and channel was 
implemented. 
The Bit Error Rate (BER) to the Signal-to-Noise ratio 
(SNR) was used as the metric for performance analysis. 
This is done for the various interpolation techniques. 
The various interpolation techniques were evaluated to 
determine the most effective interpolation technique. The 
Mean Square Error (MSE) for the two types of pilot 
arrangements which are (the comb and the block types) 
was got to determine the most effective pilot 
arrangement to use. BER values of the systems with and 
without OFDM for estimating channels with SISO were 
also tried. The BER for MISO (2XI) and SISO channels 
were compared to determine the best channel estimation 
technique to be used. Lastly, BER values for MISO LS 
channel estimation were compared. A threshold was set 
for the pilot insertion ratio, to determine the most 
effective channel estimation technique through 
interpolation. 
II. Foundational Concepts  
II.1. Orthogonal Frequency Division Multiplexing 
Orthogonal Frequency Division Multiplex (OFDM) is 
a modulation technique that is well suited to MIMO 
channels. 
The principle of operation of the OFDM is the 
division of data streams with very high bit rates into 
several parallel streams with lesser bit rates, with each 
stream being modulated on distinct subcarriers [4]. 
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Fig. 1. Block diagram showing channel estimation and  
equalization at the receiver 
 
OFDM divides the obtainable bandwidth into a 
number of lesser bands or sub-bands. This allows data to 
be transmitted without any dependence on the other 
bands of frequency.  
The smart way of selecting a channel in this type of 
communication system with multiple paths is the 
splitting of these channels into different amounts of flat 
sub-channels which have orthogonal subcarriers. OFDM 
has a robust capability of being able to achieve 
orthogonality in both frequency and time domain. This 
characteristic makes the OFDM the best multiplexing 
technique that can provide a satisfactory means of 
working with fading channels that are frequency 
selective, multipath and signal interference amongst 
others with less system sophistication [5], [6]. 
Coding and interspersing of the frequency components 
of subcarriers can also be exploited by OFDM to achieve 
diversity in frequency for channel optimization. The 
available spectrums of the frequency channels can also 
be fully utilized by the OFDM because of its unique 
characteristic of ensuring these separate parallel 
orthogonal subcarriers overlap.  
Figure 2 is a pictorial representation of the OFDM 
system. 
 
 
 
Fig. 2. Block Diagram of an OFDM system [7] 
 
OFDM can be reliably referred to a case of Frequency 
Division Multiplexing (FDM) only with a restraint of 
orthogonality in the subcarriers. In realizing this 
orthogonality, the subcarriers are arranged to generate a 
spacing of ∆f = k/T. T denotes the duration of the symbol 
and k represents a positive going number which is seeded 
the value of one (1) most times. This is the reason 
OFDM has the unique ability to partially overlap 
subcarriers without causing any distortion to the signals 
conveyed by the adjacent subcarriers.  
As shown in Figures 3, the crest of the individual 
subcarriers corresponds with a null value of the 
interfering neighbor subcarrier, which eliminates 
distortion of the signals. 
The illustration shown in the first part of Figures 3, 
depicts a conventional FDM system where there is no 
form of orthogonality between the subcarriers. In the 
second part of Figures 3, there is orthogonality between 
the subcarriers leading to more efficient use of available 
bandwidth. In the discrete time domain, the best tools 
that can be used to simulate Orthogonal Frequency 
Division Multiplexing are the Fast Fourier Transform 
(FFT) and Inverse Fast Fourier Transform (IFFT). 
 
 
 
Figs. 3. Comparison between (a) Conventional FDM and (b) OFDM 
 
After the signal has been reversed to the analog 
domain using the IFFT, a cyclic prefix is attached to the 
signal to effectively show the domain in which the signal 
is represented. This scenario is reversed at the receiving 
end. To eliminate ISI, the frequency selective channel 
must be split into flat fading channels [7], [8]. Delays 
generated during the dispersion of the spectrum might 
cause loss of orthogonality. This can lead to errors. 
However, this issue is eliminated by the cyclic 
prefixing of the signal after FFT and the orthogonality is 
upheld.  
The process of cyclic prefixing is simply repeating the 
first section of the pilot symbol after the end of the first 
symbol. Simply put, there is an extension of the OFDM 
frame (which can be referred to as the delay). This 
increase in length of the frame helps eliminate 
interference. The cyclic prefix and the OFDM frame 
(which gives the total frame length), must be much 
higher in value than the impulse response of the channel 
to be able to eradicate the effect of interference (ISI). 
The cyclic convolution of the OFDM channel can be 
achieved using cyclic prefixes. 
II.2. Multiple- Input Multiple- Out                       
(MIMO) System 
MIMO techniques find its maximum and efficient use 
in wireless systems. They considerably fix the 
performance and competency of wireless systems 
through multiplexing and increased gain (due to the 
diversity of the channel). In relation to the energy of a 
transmitted bit, the multiplexing capacity of MIMO 
systems translate into increased data rate whereas 
channel diversity culminates into lower error rate. The 
Binary Error Rate (BER) takes care of the issue of fading 
of the transmitted signals. The combination of OFDM 
and MIMO has generated a lot of attention because it 
promises to provide a lot of ways to manipulate wireless 
systems to generate desirable results [9], [10], and [11]. 
There has been significant gain due to low BER and 
increase in channel capacity for multiple users MIMO 
than for single user MIMO.  
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II.3. MIMO-OFDM 
Figure 4 is a depiction of the MIMO-OFDM block. 
MIMO can be used in conjunction with OFDM to form a 
compound MIMO-OFDM system. The combination of 
these techniques has been found to be able to produce a 
system that is bandwidth efficient, free from the 
interference caused by ISI, able to provide high channel 
capacity and improved data rate. 
 
 
 
Fig. 4. Channel Estimation Block Diagram  
for the MIMO-OFDM System [11] 
 
The usually selective fading channel issue in OFDM-
MIMO systems are usually turned into orthogonal fading 
channels that are flat with the aid of IFFT and FFT as 
discussed earlier. The combined MIMO-OFDM has been 
proven to achieve enhanced system performance than the 
usual SISO-OFDM.  
In contrast to SISO systems, the delay spread 
spectrum achievable in MIMO-OFDM systems delivers a 
combination of increased sub-band channels and 
multiplexing gain compared to flat-fading channels [12]. 
This is obtained by bit-stream demultiplexing to yield 
lesser sub-streams, and modulating the individual sub-
streams with the help of OFDM before transmitting the 
signal.  
From Figure 4 it can be observed that each of the 
signal coming from MIMO antennas are decomposed 
into parallel subcarriers using serial to parallel 
conversion, before the signal is modulated using the 
IFFT transformation. The signal is then appended with a 
cyclic prefix before it is then transmitted. At the receiver, 
the entire process is reversed.  
II.4. Pilot Arrangements in Channel Estimation 
There are basically two types of pilot arrangements in 
channel estimation. Pilots are known symbols, which are 
transmitted and used to estimate the channel. They could 
be placed either at the beginning of the entire frame or at 
the end of the frame. Often, the pilots can also be placed 
at specific intervals within the frame. The authors in [13], 
[14] presented an issue of pilot contamination during 
channel estimation. This stems from disagreement of 
orthogonality between the pilots of the information 
signal and the interfering pilots. This leads to poor 
performance of the system due to interference at the 
receiver. But it should be noted that if the amount of 
pilots used is increased, the performance can be made 
better by increasing the channel’s estimate. However, the 
channel’s bandwidth will suffer because of the increased 
amount of pilots used. To achieve a better system, in 
which the amount of bandwidth occupied by the pilot 
system is reduced drastically, our attention would be 
focused on the use of interpolation to get the estimate of 
the channel’s frequency response between pilots without 
affecting the system and accuracy of channel estimations. 
Comb and block pilot arrangements are the two types 
of pilot systems that are available for channel estimation 
techniques [15], [16]. The main difference between the 
comb and the block type arrangement is that the pilot 
tones are inserted into each OFDM symbol at periodic 
intervals of the subcarrier frequency in the comb type, 
while the pilots are inserted within the frequency 
subcarrier in the block type arrangement. Transmission is 
done periodically in the time domain to achieve channel 
estimation. Figures 5 depict the comb-type and the block-
type arrangements of pilots respectively. 
It can be observed that each of the signal coming from 
MIMO antennas are decomposed into parallel subcarriers 
using serial to parallel conversion, before the signal is 
modulated using the IFFT transformation. The signal is 
appended with a cyclic prefix before it is then 
transmitted. At the receiver, the entire process is 
reversed. 
 
 
 
Figs. 5. Diagram of the Block-type and Comb-type Arrangement [2] 
 
Figure 5(a) depicts the block pilot arrangement. It can 
be seen from the diagram that the pilot is placed at 
regular intervals which coincides with the frequency of 
the coherent time so as to deal with the varying time of 
the channel which corresponds to Equation (1) [17], 
where the period of the block is represented by iS : 
 
 
1
i
Doppler
S
f
  (1) 
 
The comb type pilot arrangement is given in Figure 
5(b). In this arrangement, the pilots are carefully placed 
in a repetitive and orderly manner. This arrangement 
provides a form of bandwidth coherence that makes it 
possible to keep track of the frequency selective fading 
channel. This is achieved by making the comb-type pilots 
duration smaller than the channel’s coherent bandwidth. 
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The inverse of the signal’s maximum delay spread 
spectrum (σmax) gives a close estimate of the coherence of 
the channel’s bandwidth. The spacing between the pilots 
in the comb type, can be found using Equation (2): 
 
 1f
max
S

  (2) 
 
where the separation times or period of the pilots is 
denoted by fS  [18], [19], [20],[ 21]. 
II.5. Pilot Symbol Aided Channel Estimation 
Here, the received signal is multiplied by the inverse 
of the transmitted pilots, to generate the channel 
estimate. This gives an accurate estimate of the channel, 
and in turn provides better performance of the system. 
But the placements of these pilot systems have 
increased the overall bandwidth of the channel. Also, the 
cost implication of this method cannot be overlooked. To 
remove this problem, the interpolation technique is 
utilized. Equation (3) is a Diagonal Matrix that can be 
used to place training symbols or pilots within K 
subcarriers, provided that the OFDM subcarriers are 
orthogonal and do not have inter channel interference 
[3]: 
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where k = 0, 1, 2… N-1, X[k] denotes a kth subcarrier’s 
pilot symbol, which has a mean value of: E{N[k]}=0 and 
variance of: Var{N[k]}= 2x : 
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The received signal vector can be expressed as Y, 
where, H represents the channel response vector, and N 
represents the noise vector, which has a mean value of: 
E{N[k]}=0 and variance of: Var{N[k]}= 2x  [10]. 
II.5.1. Channel Interpolation 
Interpolation or midpoint estimation is the process of 
determining the value that is somewhere between two 
known values. Due to the amount of bandwidth that the 
pilot symbols will occupy as a result of being transmitted 
with the information block, the amount of pilots 
transmitted need to be reduced. The effect of 
interpolation on the channel involves the estimation of 
the channel at the placement point of the pilot symbols 
which is the point of missing data and can be achieved by 
comparing the information of estimates of the 
neighboring channels. Simply put, the estimated points 
where the subcarriers of the data symbols should be 
inserted can be derived by the interpolation of adjacent 
pilot symbols. Interpolation can be achieved by various 
means and they include, second order polynomial 
interpolation, piecewise constant interpolation, FFT 
based interpolation, Spline interpolation and Linear 
interpolation. Linear interpolation provides a very simple 
way to determine the pilot data that is somewhere 
between two known successive pilot subcarriers [22], 
[23].  
Equation (5) gives the impulse response of the 
estimate of a channel’s subcarrier system, 
 1k ,mL k m L   , using linear interpolation: 
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When Spline interpolation is considered, the Spline 
function is used to implement third order or cubic Spline 
interpolation at different data points by placing a unique 
cubic function between pairs of existing data points. FFT 
interpolation technique works by first transforming the 
signal which is in form of a vector containing periodic 
function, increasing the points on the system and finding 
the IFFT of the increased data point. A sizeable number 
of pilots are required when transmitting for channel 
estimation in order to achieve channel frequency 
spectrum. The channel estimates of the data subcarriers 
are obtained using interpolation technique. This places a 
very high emphasis on interpolation. 
III. Methodology 
The simulation parameters and the system 
initialization parameters are shown in Table I. 
 
TABLE I 
SYSTEM SIMULATION PARAMETERS AND VALUES 
System Parameters Value 
Simulation runs 1000000 
Data Length 128 
Frame Length 64 for QPSK 
SNR Values in (db) 0-30 
Channel Type Multipath Channel 
Number of Channel Taps 5 
Cyclic Prefix 10 
Pilot Data Ratio 1:1, 1:3, 1:7, and 1:15 
Modulation Techniques QPSK 
Antenna Configurations SISO, MISO (2X1) 
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IV. Result and Analysis 
IV.1. Comparison of the Various                             
Interpolation Techniques 
In order to find the optimal interpolation technique, 
comparisons were made between the techniques based on 
BER and SNR.  
Figure 6 shows the BER versus SNR for the various 
interpolation techniques. As shown in the diagram, the 
FFT technique provides the best interpolation 
performance.  
Next to the FFT technique is the Spline technique, 
then, the piecewise (cubic) technique and lastly, the 
linear interpolation. The FFT interpolation technique 
compared to the others also shows the least complexity. 
The BER curve for the FFT provides a near to perfect 
estimate of channel when compared to the characteristics 
of the block type.  
This shows that FFT gives the optimum channel 
estimation with efficient energy utilization and reduced 
complexity. 
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Fig. 6. Channel Estimation Techniques and their comparisons  
IV.2. Block Pilot Type and Comb Pilot Type                  
Channel Estimation  
Figure 7 shows that MMSE outperforms the LS giving 
an SNR gain of 10-15 dB, with same MSE and pilot 
ratios. The good performance of the MMSE is at the cost 
of high system complexity and power consumption. The 
complexity of the system in turn leads to increased 
mathematical computations than what is obtainable with 
the LS estimate. The more the mathematical operation 
performed, the higher the execution cycle when the 
system is simulated, which also increases the systems 
power consumption. 
Figure 7 also shows the BER versus SNR for the 
block type arrangement. Here, the pilots are placed in all 
the subcarriers at regular intervals of time. The result 
shows that the block pilot has an enhanced performance 
with the basic assumption that the channel is slow fading 
(i.e. it doesn’t change during the OFDM symbol 
duration.  
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Fig. 7. Block Pilot Type and Comb Pilot Type Channel Estimation 
  
Implementing the comb type estimation requires 
interpolation in the time domain to obtain the estimates at 
intervals where pilots are not inserted. This affects the 
accuracy when considering the total number of pilots 
used. Considering the LS and MMSE channel estimation, 
when a pilot-data ratio of 1:7 is used (i.e inserting 8 
pilots), a poor system performance was observed even 
when the SNR values were increased, compared to the 
results obtained with a 16 and 32 pilot (i.e. a pilot-data 
ratio of 1:3 and 1:1 respectively). When similar pilot 
ratio is used for the LS estimation, the performance of 
the system is still in the acceptable limits shown by the 
“black line” on the graph. In summary, it can be deduced 
that system performance begins to deteriorate with 
decrease in number of pilots. 
IV.3. Comparison of the BER with and without OFDM, 
for SISO Channel Estimation 
This comparison shows the relevance of OFDM 
technique in channel estimation, to reduce the effect of 
ISI in the communication channel. This is achieved by 
comparing the LS and MMSE channel estimation when 
OFDM technique is applied and when it is not. The result 
obtained is presented by the graph in Figure 8 which 
shows that increasing the SNR, decreases the BER, 
giving a better performance with OFDM, but without 
OFDM, the performance depreciates with further 
increase in SNR above 15 dB. This came about when the 
high-power subcarrier signals interfering with the main 
channel are not orthogonal to each other causing ISI in 
the overall system. 
With all the observations made above, it can be 
concluded that the OFDM is the most effective and 
preferred tool in battling the inter symbol interference 
(ISI) in channel estimation.  
IV.4. Comparing Channel Estimation for MISO and 
SISO Using BER as Performance Metric 
The comparison in Figure 9 shows how increasing the 
 
Obinna Okoyeigbo et al. 
Copyright © 2018 Praise Worthy Prize S.r.l. - All rights reserved  International Review on Modelling and Simulations, Vol. 11, N. 3 
163 
number of transmit antennas (MISO), can actually 
improve the system performance. Using a BER threshold 
of 10-3, a gain of about 13 dB was observed in the MISO 
channel estimation than the SISO when LS and MMSE 
are considered. It is also noticed that when the values of 
SNR begin to go up, the rate at which the MMSE BER 
system performance improves is greater than that of the 
LS. Furthermore, the BER performance for the SISO 
MMSE outperformed the SISO LS by a gain of about 2.5 
dB, while a BER performance of 5dB was experienced 
when the MISO MMSE and the MISO LS were 
compared.  
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Fig. 8. SISO Channel Estimation with and without OFDM using BER 
as a Performance Metric 
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Fig. 9. MISO and SISO Channel Estimation Comparison 
IV.5. Comparison for MISO LS Channel Estimation 
Using BER as Performance Metric Alongside 
Varying Pilot-Data Ratio 
Figure 10 is used to describe the comparison of the 
BER value of the MISO LS channel estimation 
considering various pilot-data ratio.  
As observed from the graph, using a pilot-data ratio of 
1:1 and 1:3 are used, would suffice for accurate 
interpolation of the pilot data to give a desirable channel 
estimate. 
But when the pilot ratio is reduced, (i.e. 1:7 and 1:15), 
errors in the channel estimates due to the reduction in the 
data available for interpolation were experienced, even 
with increase in SNR. Therefore, using a pilot-data ratio 
of 1:7 and 1:15 are insufficient to effectively interpolate 
the LS channel correctly. The same observation was 
made with the SISO system.  
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Fig. 10. MISO Channel Estimation BER Comparison with different 
Pilot-Data Ratio 
V. Conclusion 
The block type pilot arrangements, comb type pilot 
arrangements, the LS and MMSE channel estimation 
technique using MISO and SISO, with and without 
OFDM, have been modelled, simulated and compared, 
and conclusions have been made.  
The FFT has the best interpolation performance, 
followed by the spline, piecewise and linear.  
The MMSE is more resistant to noise, and 
outperforms the LS, with 10-15dB gain in SNR. The LS 
requires a high SNR to match the MMSEs performance. 
The good performance of the MMSE is achieved at 
the cost of complexity in the system, unlike the LS which 
is simple and less complex. Comparing the LS and 
MMSE using different pilot-data ratios, the LS, has an 
optimum pilot-data ratio of 1:3, while the MMSE has 1:7 
because it minimizes the errors. Therefore the MMSE 
has a better spectral/bandwidth efficiency compared to 
the LS. 
Combining the various techniques with the OFDM 
plays a vital role in utilizing bandwidth and combating 
interference thereby improving systems performance. 
Increasing the number of antennas, improves the 
performance of the system, as observed in the MISO 
system outperforming the SISO system. 
These various techniques can be combined in different 
ways, depending on the requirements of the system. 
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